remaining patient with concomitant injuries to 4 (19%) digits attained a poor functional grade, attributable to poor compliance with the rehabilitation protocol. The mean rehabilitation period was 130 days and the mean grip strength was 78% that of the uninjured side. Concomitant digital nerve injury did not adversely affect the final outcome. Only one (4.8%) patient experienced a rupture. Conclusion. The surgical method and rehabilitation protocol used for zone-2 flexor tendon injury is safe and results in a reasonably good functional outcome.
INTRODUCTION
The zone-2 flexor tendon lies within the digital fibroosseous tunnel and has always been difficult to repair satisfactorily because the healing tendon tends to adhere to its fibro-osseous tunnel. 1 It has been termed 'no man's land' by Bunnell because of the poor outcome in range of motion following tendon repair. 2 A rehabilitation protocol that includes immediate postoperative controlled finger movement using dynamic splintage considerably reduces postoperative adhesion. 3 Nonetheless, the functional outcome of zone-2 flexor tendon injury is poorer and the complication rate is greater than that associated with injury in other zones. 4 Functional outcome is improved by close collaboration between surgeon, therapist, and patient. This study aimed to evaluate the functional outcome of the hand following repair and rehabilitation of a transected flexor tendon in zone-2 flexor.
MATERIALS AND METHODS
Records of 23 patients with laceration of the flexor tendon in the 'no man's land' of the hand who presented to the Tseung Kwan O Hospital in Hong Kong between July 2000 and June 2005 were reviewed. Patients had no other associated injuries except laceration of the digital nerves. Patients with associated phalangeal fractures, joint injuries, soft-tissue defects, extensor tendon lesions, or vascular repairs were excluded. This allowed comparison of the results between different institutions based on similar categories of injuries. Zone-2 injury of the flexor pollicis longus (FPL) was included because the rehabilitation protocol was similar to that for zone-2 flexor tendon injury.
Tenorrhaphy technique
All flexor tendon injuries were repaired within 24 hours of presentation. The skin lacerations were extended when necessary with a Bruner zigzag incision to retrieve the tendons. The tendons were aligned through pulleys in the flexor tendon sheath. If access to the finger tendons was inadequate, the original laceration was extended into the sheath. The annular pulleys (in particular the A2 and A4 pulleys) were preserved whenever possible. The flexor digitorium profundus (FDP) tendon was repaired using 2 strands of modified Kessler grasping core suture with 4/O ethilone, reinforced by 6/O nylon peripheral epitendinous simple running stitches. The flexor digitorium superficialis (FDS) tendon was repaired using horizontal mattress sutures. Concomitant laceration of the digital nerve occurred in 8 digits and was repaired by 3 to 4 epineural stitches using 10/O nylon inserted under an operating microscope.
The type of suture technique is important because it can minimise the occurrence of adhesion and rupture. All tendons were sutured with atraumatic handling of the tendon, proper tension, secure suture knots, smooth juncture, minimal gapping, and preservation of the tendon sheath. 4 Softening of the tendon ends is one of the factors considered responsible for failed repair. Therefore, the suture was placed 10 mm away from the cut end to avoid this potential soft area. Following repair, the tendon excursion was tested passively to ensure no triggering within the pulley system.
Combined regimen of controlled motion
The 7-week rehabilitation regimen was divided into 3 stages (Table 1) : during the first 3 weeks, active finger extension/passive flexion using rubber band traction of the Kleinert splint was adopted. The palmar pulley placed at the distal palmar crease increased passive flexion of the interphalangeal joints by pulling the finger tip to the distal palmar crease of the hand. By increasing joint flexion, tendon excursion in the flexor sheath was maximised. To prevent contracture at the interphalangeal joints, the physiotherapist carefully supervised full passive extension and passive flexion exercises of the proximal and distal interphalangeal joints. The regimen of passive motion was performed in addition to hourly active extension against the rubber band traction. At week 4 to 5, the Kleinert splint was removed and active finger flexion without resistance commenced. At week 6 to 7, active finger flexion with resistance was commenced. This rehabilitation regimen was also adopted for combined flexor tendon and digital nerve injury unless the digital nerve repair was precarious, in which case the programme was to be delayed for one to 2 weeks and the metacarpophalangeal joint (MPJ) flexed to 60 to 70 degrees at day 1 in the Kleinert splint.
Any flexion contracture was splinted with a reverse dynamic splint and joint stiffness was treated with active and passive physiotherapy. Loss of tendon gliding was treated by tenolysis 3 to 4 months after the initial repair. Rupture was treated with immediate exploration and re-repair. The aforementioned rehabilitation regimen continued throughout treatment of these complications. Patients were discharged when the functional outcome was satisfactory and they had resumed normal daily activities.
Outcome measure
The range of movement of the operated fingers was assessed using the Buck-Gramcko II criteria 5 (Tables 2  and 3 ). The maximum score for flexor tendons of the fingers and thumb based on the Buck-Gramcko II criteria were 17 and 15, respectively.
Maximum grip strength was measured before discharge using a Jamar dynamometer according to the American Society of Hand Therapist recommended position for grip strength measurement 6 : the patient was seated with back supported, shoulder adducted and forearm in a neutral position. Grip strength was obtained by taking the average of 3 measurements on each hand. As a rule, the dominant hand is approximately 10% stronger than the non-dominant hand (10% rule). 7 The mean grip strength of the injured hand was 72% that of the non-injured hand.
Sensory evaluation was performed before discharge using Touch-Test Sensory Evaluators (Semmes-Weinstein Monofilaments, Table 4 ). 8, 9 The mean value in the injured hand was expressed as a percentage of the mean value for the uninjured hand. The rehabilitation period was determined as the time between immediate postoperative day and the day of discharge. Free nail palm crease distance 0.0-0.5 cm 6 measured from the free nail margin 0.6-1. 
RESULTS
Seven of the 23 patients who did not attend or complete the rehabilitation programme were excluded from the final analysis. All 16 patients studied were righthanded; 12 sustained injury to the non-dominant left hand. Of 21 digits with 31 tendon injuries in 16 patients, 10 (48%) digits entailed lacerations of both the FDP and FDS tendons, 6 (28%) entailed complete division of the FDP, and the remaining 5 (24%) involved laceration of the FPL. Complete severing of the tendon occurred in 17 (81%) digits, and partial severing in the remaining 4 (19%); 3 digits with 50% partial division of FDS and FDP, and one with 50% partial division of FPL. The demographic data and functional outcome of these patients is summarised in Tables 5 and 6 . The range of movement of 12 (57%) of the digits was excellent, one (5%) very good, 4 (19%) good, 0 (0%) fair, and 4 (19%) poor according to Buck-Gramcko II criteria ( Table 6 ). The mean rehabilitation period was 130 days. Of the 16 patients, 8 sustained concomitant flexor and digital nerve injury and another 8 sustained flexor tendon injury alone. Three patients with flexor tendon injury alone defaulted from follow-up before the final grip-strength assessment. In the remaining 13 cases, the mean grip strength of the injured hand was 78% that of the non-injured hand (i.e. 22% gripstrength deficit) after taking into account the 10% rule. The grip-strength deficit of the 8 patients with combined flexor tendon and digital nerve injury was 23%, versus 20% in the 5 patients with flexor tendon injury alone (Table 7) ; this difference was not statistically significant. The presence of digital nerve injury had no adverse effect on final hand grip strength.
Two of 8 patients with concomitant flexor tendon and digital nerve injury defaulted from sensory evaluation testing using Semmes-Weinstein Monofilaments. Of the 6 patients available for sensory assessment, one tested normal (green), 4 had diminished light touch (blue), and one had diminished protective sensation (purple). None of the digital nerve repairs in our patients was precarious.
Patient 1 ruptured the FDS at postoperative day 7 and re-suturing was performed immediately. Patients 8 and 9 developed adhesions of FPL and required tenolysis 3 to 4 months postoperatively. These 3 patients had good to excellent range of movement according to the Buck-Gramcko II criteria (Table 6 ).
DISCUSSION
Early mobilisation following repair of flexor tendons accelerates healing and prevents formation of adhesions. 4, 5, 10 The tensile strength of a flexor repaired tendon is at its weakest after approximately one week, and most ruptures occur during the first 3 weeks following the procedure. 10 Therefore, it is recommended that such a tendon should be protected by application of a Kleinert splint for 3 weeks. A combined regimen of controlled motion was used. It incorporates active extension against rubber band/ passive flexion with therapist-assisted passive extension and passive flexion. 11 Excellent or good range of movement (according to the Buck-Gramcko II criteria) was achieved by 15 of the 16 patients, which was comparable to the results of another study. 11 One patient with 4 fingers and 6 tendons completely severed demonstrated poor compliance with the rehabilitation protocol and had a poor outcome. The mean rehabilitation period was 130 days. The mean rehabilitation periods for the 7 injury-onduty patients and 9 non-injury-on-duty patients were 127 and 132 days, respectively; the difference was not significant. The rehabilitation protocol provided an objective assessment of the range of movement and grip strength and helped minimise sick leave.
R e c e n t re s e a rc h o f S e m m e s -We i n s t e i n monofilaments thresholds for the hands of normal subjects has revealed variations between the green filament (number 2.83) and the blue filament (number 3.61). 12 This implies that most of our cases had good sensory recovery following repair.
